The objective of this work is to propose a semi-automatic methodology for the creation of a semidetailed to detailed watershed's soil map. This methodological proposal is based on the traditional method (field work and photo interpretation) and on morphometric variables analysis, using data originated from the Digital Elevation Model (DEM) of the Shuttle Radar Topography Mission (SRTM) program. The steps taken through this methodological proposal were the identification of the hydromorphic areas boundaries through interpretation of aerial orthophotographs; the compartmentalization of the relief through color composition techniques using the morphometric variables-slope, altimetry and horizontal curvature; the development of a pedological database based on data gathered in the field; the elaboration of a preliminary soil map based on the compartmentalized relief and on the dataset of the soils sampled in the field; the elaboration and adjustment of the final soil map according to the interpretation of aerial photographs and also the physical and chemical analyses of the soils. This semi-automatic methodology demonstrated improved efficiency in defining the soil units, reducing operation time and subjectivity of the process, thereby contributing to the systematization of soil mapping at watershed level in scale 1:50,000, as well as, promoting better knowledge between the relation of the geomorphic and soil variables in the Brazilian Savanna Cerrado.
to these criticisms, new approaches have been proposed and developed to improve the mapping of soils and their attributes [1] [2] .
The relief is one of the factors of soil formation, exerting a great influence on its genesis and on its distribution in the landscape [3] . According to [4] , the relief presents a strong relationship with the boundaries of soil map units. Therefore, these pedological units can be obtained through morphological interpretation of satellite images, or aerial orthophotographs. In addition, geomorphological compartmentalization has been applied as a compliment to soil mapping, to optimize field work and to make the identification of unit boundaries more precise [5] [6] [7] .
Faced with the difficulties in establishing a system that describes all of the complexity of the relief, innumerable methods to describe and analyze reliefs have been developed [8] . Notable procedures include morphometric relief analysis using Geographic Information Systems (GIS), [7] .
The growing application of semi-automatic methods is mainly due to the increase in the availability of Digital Elevation Models (DEM), allowing us to better understand the organization of the landscape and infer behaviors from other parameters, such as, the climatic characteristics [9] , the attributes of the soil [10] and plant distribution [11] . The morphometric attributes have also been used for the geomorphic compartmentalization [12] as well as pedological [13] . In Central Brazil, many studies have been done using morphometric analysis for pedogeomorphologic mapping. Among these, the most important are: [5] [6] [7] [8] [14]- [20] .
In this context, the objective of this paper is to propose improvements to the semi-automatic method based on joining the traditional method (field work and interpretation) with the analysis of morphometric variables derived from the DEM of the Shuttle Radar Topography Mission (SRTM) to obtain a soil map scale >1:50,000 in a watershed in the Cerrado biome.
Material

Characteristics of the Study Area
The area selected to carry out this study was the Sarandi Basin-30 km 2 , located in the Federal District of Brazil. The Sarandi Basin was selected for this study due to the fact that it is an experimental basin and because it presents the typical characteristics of the Brazilian Central Plateau Eco-region (Figure 1) . The natural vegetation of the basin area is a typical savanna biome. Approximately 40% of the area still has its natural cover. The dominant phytophysionomy is savanna, although gallery forests, grasslands and trails can be found in some small sections and fragmented areas [21] .
According to the Köppen classification, the most representative climate of the Central Plateau is Megatermic or Humid Tropical (Aw) with the subtype savanna. It is characterized by high precipitation in the summer (between November and January), and low precipitation in the winter (between June and August). Annually, the precipitation varies around 1500 mm, concentrated between September and April. The yearly average temperature is 20˚C [22] .
The characteristic geology of the Sarandi basin is composed of clay and sandy metarrithmite, and psamo-pelitic carbonate, from the Paranoá Group [23] .
Regarding the Geomorphology, this basin can be divided into four main components: plateau, characterized by a flat to rolling-undulating relief, with altimetric rates varying between 1200 to 1100 meters; erosive retreat fronts, that represent the edges of the plateaus, rugged and craggy in some places, accentuating the break in the relief; colluvium ramps, with smooth conformity and at altitudes between 800 and 900 meters; and hydromorphic areas near the drainage areas [24] .
In general, the Sarandi basin is composed of natural and anthropic areas, the dominant agriculture of the plateau being drought based; irrigated agriculture is developed on the colluvium ramps; and the most preserved part of the basin is located on the erosive retreat fronts, which are permanent reserve areas of the Embrapa Cerrados.
Data Base
The following topographic variables (altimetry, slope gradient, aspect, contour curvature and profile curvature) were used in this study to characterize the environmental conditions. The selection of these topographic variables is based on the fact that the area is small (30 km 2 ) and the macro-climate is fairly similar throughout the entire area. Moreover, micro-climate conditions are easily obtained using the topographic conditions captured by the topographic variables used [13] . These variables were taken from the Geomorphometric Database of Brazil [25] , which is available through the Topodata Project (www.dsr.inpe.br/topodata/index.php). This DEM is derived from the set of geostatistical coefficients suitable for a unified Shuttle Radar Topography Mission data (SRTM) refinement from 3 arc-seconds to 1 arc-second through kriging methodology [25] . The high resolution mosaic of aerial orthophotographs (1:10,000 -0.5 m resolution) was provided by Terracap (Realty Company of Brasília). In addition, the soil field data used in this study is from the Soil Maps of the Brazil [26] [27] [28] [29] , and obtained through field work in this research.
Methods
The methodological procedures used in the mapping process are presented in Figure 2 .
Compartmentalization of the Relief through the Analysis of the Morphometric Parameters
The purpose of the compartmentalization of the Sarandi basin relief was to improve the methodology proposed in [5] [30]. The first step was the delineation of the boundaries of the hydromorphic areas that were identified through the photointerpretation of high resolution aerial orthophotographs (1:10,000) (Figure 3(a) ). This result was checked and validated in the field. This step is very important, because the methodology proposed by [5] was not efficient in detecting hydromorphic areas on the Sarandi basin. The delineation of these regions is important for the classification of the hydromorphic soils.
The second step is to create triplet compositions (RGB images- Figure 3(b) ) combining topographic variables. These compositions, with morphometric attributes, are a way to synthesize a large quantity of information in a single image. Moreover, the composition makes it possible to distinguish the units of relief through variations in color and texture [5] [6] [7] [14] . A triplet composition functions well to delimit the geomorphological units when the relief is the stratifying element of the landscape, and when it works with low hierarchical levels without compromising a more detailed level (high level).
Afterward, a mask was done on the RGB composition with hydromorphic areas mapped (Figure 3(c) ), so that In the case of the Sarandi experimental basin, to create the RGB compositions, the altimeter and slope variables are fixed to the red and green channels respectively. While within the blue channel, the variables were alternated between the aspect, and the vertical and horizontal curvatures. The compositions were compared and just one was selected for the compartmentalization of the relief. After analyzing all of the possibilities, the triplet that best outlined the relief was the: altimeter in the red channel (R); slope in the green channel (G); and horizontal curvature in the blue channel (B) (Figure 3(b) ). This composition shows the main compartmentalization of the relief. The compartmentalization of the relief was carried out based on the visual interpretation of the colored composition, where, firstly, three main parts were delimited: plateau, erosive retreat fronts, and colluvium ramps (Figure 3(d) ).
After that, the next step was the development of a new triplet, with the same variables (altimetry, slope, and horizontal curvature), for each one of the three main constituents of the relief (Plateau, Erosive retreat front and Colluviums ramps), (Figure 3(e) ). This procedure provided better outlining of the features of the relief at the higher level. In each main unit of the relief, new constituents of classes of soil were delineated and identified in detailed scale (Figure 3(f) ) for a watershed in the Central Plateau Eco-region where the landscape stratification constitutes the relief.
Development of the Pedological Data Base
The pedological data base used for the development of the soil map was comprised of 13 profiles of soil within the area delimited by this study, which was derived from bibliographic research [26] [27] [28] [29] and data collected in the field: 38 complementary profiles collected in five depths (from 120 cm depth) and 35 observation points. Planning procedures for the field work included the compartmentalization of the relief, which was used as a support to guide the gathering of complementary profiles according to the constituents. The profiles collected in the field underwent chemical and physical analysis, and were classified up to the third level category of the Brazilian System of Soil Classifications (SiBCS) [31] , and were correlated with World Reference Base [32] . Table  1 presents a summary of the pedological data base. For a complete description of the data, as well as the details about collection, results and classification, consult [8] .
Development of the Soil Map and Key
For the development of the soil map, the delimitation of the mapping units was based on the compartmentalization of the relief. The profiles and the complementary profiles were plotted on the compartmentalization of the relief and each polygon was classified with the class of corresponding soil. Next, the visual interpretation of the aerial orthophotographs was carried out with a resolution of 10 meters, which aided in refining the limits between the classes of soil and the differentiation of the classes of vegetation. For the final adjustments to the map, observation points were used, facilitating the identification of the transition zones between some classes of soil and the clarification of the boundaries between the mapping units.
For the development of the key, chemical and physical data were used, as well as field information of the profiles and complementary profiles that constituted the soil data bases. The soils were classified up to the third level of the Brazilian System of Soil Classification [31] and correlation with World Reference Base [32] . The mapping units from the same class of soil with the texture classes of the relief or vegetation were differentiated in the key by a sequential number.
Results and Discussion
The proposed methodology made it possible to compartmentalize the relief on the first level, with three divisions, and on the second level with 22 divisions. These divisions, combined with the soil data and the interpretation of [ the high resolution aerial orthophotography, allowed us to develop a soil map and key of the Sarandi basin on a scale of 1:30,000. Two soil maps were developed. In the first map it was possible to identify seven classes of soil, classified up to the second level of the SiBCS [31] , Latossolo Vermelho (42.07%), Latossolo Vermelho-Amarelo (22.46%), Latossolo Amarelo (15.09%), Cambissolo Háplico (9.83%), Neossolo Quartzarênico (0.07%), Gleissolo Melânico (0.52%) and Gleissolo Háplico (9.92%), (Figure 4) .
On the second map, (Figure 5 ), 23 mapping units were identified, classified up to the third level category of the SiBCS [31] , according to relief class and vegetation class.
The compartmentalization of the relief does not allow the distinction of the hydromorphic areas and consequently of the classes of hydromorphic soils, Gleysols and Plinthosols, which were identified through the visual interpretation of aerial orthophotographs. Meanwhile, the methodology used facilitated the identification and the delimitation of the mapping units, decreasing efforts needed in the field and in the mapping. It even allowed the integration of the landscape data and the comprehension of the organization and distribution of the soil according to the relief soil associations.
The methodological proposal presented here constitutes a mixed mapping technique, with the use of traditional mapping and digital soil mapping techniques, promoting advances in the methodological procedures for the development of soil maps. Table 2 presents some advantages and disadvantages in the methodology proposed.
Conclusions
1) The semiautomatic methodology presented in this study used the association of SRTM data for the compartmentalization of the relief, and the interpretation of high resolution aerial orthophotographs for the identification and the delimitation of the soil mapping units, streamlining the process utilized in other methods. Table 2 . Advantages and disavantages of semi-automatic soil mapping.
Method
Advantages Disadvantages
Semi-automatic
• Idenfication of smaller mapping units.
• Higher level of detail (3rd level in the Brazilian System of Soil Classification, [31] ).
• Easy adjustment and editing of mapping unit boundaries.
• Subjective method based on the perception of the user.
• Need a large quantity of soil data and field work.
2) The association of sensor data with the interpretation of the high resolution aerial orthophotographs was necessary because the data generated for the compartmentalization of the relief by colored composition did not present enough resolution to separate the hydromorphic areas.
3) The semiautomatic methodology proposed in this study can also be considered as a semi-traditional methodology that combines automatic techniques for the distinction of classes (compartmentalization of the relief based on the procession of morphometric images) with the perceptive procedures of interpretation and delimitation of polygons, as in traditional methods of soil mapping.
4) This proposal improves the integration of data, increasing understanding of the organization and distribution of soils in the landscape.
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